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SUMMARY

Thepressuredistrlbuticmovera highlysweptwinghasbeen
investigatedatsupersonicspeedstoprovidedatafora ccmparismof
measuredandpredictedloadings.Thewingfa thisinvestigaticmhad
63o sweepbackoftheleadingedge,emaspectratioof3i5, anda taper
ratioof0.25. TheexperimentaldatawereobtainedforMachnumbers
from1.15to1.70at a Re~lds numberofa~oximately4.5mlUion
.sndangles ofattackto10°.

Themeasuredloadingiscomparedwiththatpredictedbyuseof
supersoniclifting-surfacetheory.Overtheregionofthewingnot
affectedbythewingtrailingedgeortip,theresultsare”essentially -
inaccordwiththoseofNACARMA8F22;thatIs,theoryandexperiment
aregenerallyingoodagreement.Overtheremainderofthewing,the
agreementbetweentheoryandexperimentIsnotgoodbutismuchbetter
thanthatfoundinNACARMA8F22.ThisImprovementin theagreement
Isattributedtodifferencesinairfoilsection.

INTR~UCTION

Theaerodynamictheorydevelopedtodateforpredictingthe
loadlngon-s insupersmicatrstreamshasnecessarilyinvolved
certainsimplif@ngassmrpttons.Thetwoprlncipelsimplifications
are(1)llnesrizatlcmoftheequationsofmoticm,and(2)omissionof
viscosityeffects.Itfollowsthata nuniberofchecksbetweenloadings
obtainedbytheoryandexperimentareneededtodeterminetowhatextent
theforegoingassumptimslimittheapplicabilityofthetheoretical
methodssnd,ifpossible,todevelopproceduresforextendingtherange
ofusefulnessofthetheory.
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loadlngs
suchcheckisaffordedby reference1 whichccmparesthe
predictedbythenwthodofreference2 d thosemeasured

8

.

foranuntapered630swep-&back~ ataMachnumberof1.53.“ Good
agreementbetweentheorysmd experimentwas indicatedexceptnem the
tipandthetrailingedge.Thedlscrepaucyatthetipwasapp=ently
due,atleasttipart,tothefackthattheMmearthecn?ydoesnot
properlyaccountfortheflow=ounda wingtip.Thelackofagreenlent
nearthetrallhgedgewas@ributedto,boundary4~ separaticmb

ToInvestigatefurtherthecorrespcmdencebetwemtheoryand~eri-
ment,theloaddistributionona tqperad63o swept+mckwinghasbeen
measuredIntheAmes& by6-footsupersonicwindtunnelatapproximately
4.5 million ReynoldsndberendatMachnunibersfra 1.15 to 1.7. In
ordertofacilitateearlyreleaseofthedata,thediscussimisrestricted, toa fewccmmentsontherelationshipbetweentheloadlngmeasuredsnd
thatpredictedbythemethodsofreferences2 and3.

SYMWGS

loaalngCoefficient ()
PI*
Q

changeInloadingcoefficlentperait angle

[

(+’).-(%)
ofattack ‘1sP=’*=-a-%n

localstaticpressure,poundspersquare foot

()free-stream dynmuic preeare $? , pounds

mass density ofairstream,slugsperc@ic3

velocityofairstresm,feetpersecaud

fr~tresm Machnumber

Reynoldsnudberbasedupm BLA.C.lengthof

angleofattackofthe~ attheplemeof

.
.

persquerefoot

fcot

13..2inches

symmtry,degrees
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incrementinangleofattackofthewingattheplaneof
symmetry(referredto*), degrees

mlnlmumangleofattacktivestigatedfora givenMachmmlber.
(measuredattheplaneof13ymme*),degrees

chadwisestaticm,fractlmoflocelchordmeasuredpsmllel
topll?uleofeynmletry

spanwisestatia,fractionofwingsemlspanmeasuredperpendicular
toplane ofSylmmetry

.nlaximlmlw@ C2Dib= as fraction of10Cd chord

meanaerodynamicherdmeasuredp=alleltoplaneofsymmetry

winglocal Chcu-d,Inches

Subscripts

conditionsonlowersufaceofwhg

u -condlttmsonuppersmfaceofwfmg

a conditionsatthesngleofattacka

ati ocmditicmsattheangleofattack~

AFPARMUS

windTunnel

TheeqerimemtalinvestigationwasconductedintheAmes
& by6-footS~~SdC wind tunnel. !l!hlsis a close*eturn-type
tumml poweredbytwo2~,000+cmsepowermot=scuupledtoaneight-
stageaxial-flowccmpresscmwhichdrivesthealraroundthe~
tunnelcircuit.
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Machnudxxr,Reynoldsnuuiber,andhmidityarereadilyadjusted .
whilethetunnelisoperating.TheMachnumberof the airstresmin
thetestsectiacanbecontinuouslyvsriedfrom1.1to1.8through
theuseofanasymetricslid~lock nozzlesimilartothatdescribed
tireference4. ThstestReynoldsnunberisvariedby changingthe
totalpressureofthetunnelbetweenthelimitsof2 and17 poundsper
squareinchabsolute.Thehumidityoftheairinthetunnelcanbe
loweredtolessthan0.0002poundofwaterperpoundofairbyevacu-
atingthetunnelandrefillingitwithdryair.

The modelsaremounted h thetest sectim m the end ofa canti-
leverstingasshownh figure1.1 Thestingangleofattackcanbe
ad$ustedtoanyanglebetween~“ whilethetunnelisoperating.
Throughuseoftitemchemgeablebentstings,variousrangesofangleof
attack(e.g.,+0 to5°,0°to 10°,etc.) andanglesofsideslipcanbe
obtained.Farthepresenttest,a 5°bentstingwaseuuployedtogive

auglti’ttackrangeofapp&ximately0°to-lOoat0°ofsidesli.p.

Model

A sketchofthemodelgi~ allthepertineatdimensiausis
showntifigure2. TheJ~ andfuselageselectedfcmtheinvestigation
wemedesignedforefficiemtflight ats~sonic speeds(references5
and6). !J!hefInenessratioofthebodywas12.5.Howe-, forthis
investigationtherearportionofthebody,showndottedinfigure2,
waselhinatedtoellowthemodeltobemountedonthestingsupport.
!l?hewingleadingedgewassweptback63oandthewinghadm aspect
ratioof3.5anda t- ratioof0.25.~ planesparalleltothe
planeofsymmetrythewingconsistedof3VACA6h+eriessections,
5 ~c~t tuck,c*=W = sh- h fi~e 3. Theairfoilsecticma
werecsnihredfora cmstmt chordwiaeloadendtheW* wasconstructed
with3.50oftwistfcmzmm~ uniformsurfaceloadingatthedesignlift
coefficientof0.25andthedesignMachnumberof1.50.Thecalculated
meancsdberlineparalleltotheplaneofsynunetrynecess~toobtain
a miformchordwiseloaddistrilnrbionwasapgmximatedinthemodel
designbyema = 1.0meaucamberlinewhichhadtheSSIUISmaxlmmceniber
ordinateaswasdetermined bytheory.Thespanwisemiationofthe
-hum osmbarisshownlafigure3 asa fractiaofthewinglocal
chcmd.

FromconsiderationsofReynoldsnmiberandwhd-tucnel#walJ.

%Chemodelwas.Inm.tedfcmthisinvestigation.

.
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interferencea wingspanof35incheswasselected.A greaterspan-
wouldhavebeendesirabletorealizehighertestReynoldsnmdmrs “
butwouldhaveresultedininterferenceoverthewingbyreflection
fromthetumnelwalloftheshockwave+@nating frcu?itheapexof
theairfoilatthelowertestMachnumbers.ForthemodelsIze
selected,thebowwavefromthefuselagewillreflectfromthetunnel
wallsandpassacrossthewiu at MS 1.3● H~ever~~tseffectis ●

believedinsignlficant.(See~ecision,p.6.)

Tomeasuretheloadingtheright Mng panel wasfittedwIW 95
pressurearifices0.013Inchindiameter.Theseorificeswerelocated
in planes psrsllel to the plaue ofsymetryatrim speuwisestations.
(Seefig.2.)

—

METHCIOS

Theory

Thetheoreticalloadingfortherigid~ wascalculated
methodofreference2. Ihapplyingthismethoditwasassumed

bythe
that

thebasicwinglift(i..e.,theliftexistingoveraninfinitetriaugle
harlngthesamesweepbackasthegivenwing)cmriedacrossthefuselage
sothatthefluwfieldw cmlcslwtthrespecttothew- apex.However,
theMachltiebouudhgthesreaaffected“bythetrailingedge,whichin
reference2 originatedatthetrailingedgeofthewingroot, was iu this
case assumedto originate at the $mcture ofthewfngtrailingedgeand
thefuse~e.= Theregimeofthewingaffectedbytheseassumptionsare
shownInfigure4 fortherepresentativeMachnmibsms.

InthepresentImwstigation, measurementsofthedeflectionofthe “
wingrootandtipIndicatedsignificantdistortion(twist)underload.
An estimateoftheeffectofthedeflectiaontheloaddistribution
overthatpartofthewingunaffectedbythewingtraillngedgeandtip
hasbeenmadebyusingthemethodofreference3 endthemeasuredtwist.

Theeffectofthefuselageonthewingloadlngperunitangleof
attackwasfoundtobenegligiblewheninvestigatedbythemethodof
reference7. Ccmsequently,nocorrectionsham beenmadefortheeffect
ofthefuselagecmthetheoreticalloadUstributicm.

2TM6 assumesthat at the juncture ofthefuselagesadthewingtrai~r
ingedgethefuselageis,ineffect,a reflectionplane.



6
.

nAcARMAgcM”

Tests.-Theremges
gation wereasfollti:

Mach
number

1.15
1.30
1.40
1.X
1.60
1.70”

Experhent.

oftestveriablesincludedinthisinvesti-

Reynolds Angleofattack
number (naminal)

4.6X 106 . 00to 20
4.6X 106 0° to 8°
4.6 X 10S 0° to 10°
4.3 x 10S 0° to 10°
4.1x 106 0°to10°
4.0x lo~ 0°to4°

~ a giventesttheMachnumberendReynoldsnumberwereheld
cmetant whiletheemgleofattackwasyarled.TIMpressureswere
indicatedcmmultipl+tubemanometersendrecordedphoto~aphicdly.
Thedataweredirectlyreducedtochcmlwiseplotsofpressurecoeffk
cientthroughuseofa pressureplottlngmachine.

Thee~erlmentalvaluesof Ap/qawereobtainedbysubtracting
theloadingcoeffIcientforthelowestangleofattackinvestigated
fromthatfora givenangleofattackenddlvidimgbythecorrespond-
ingchangeinangle.ofattack.That1s,

whereallanglesofattackeremeasuredattheplaneofsymnetiy.

Recision.- Surveysofthetunnelalrstreamhaveshownthefluw
tobetw~imensional,that1s,therearenovariationsofcharacter-
isticsInthelateraldirection.Inverticalplanes,however,signif1-
leantvariatibnsofthestatic~essure,streaminclination,endcurva-
tureweremeasuredforsomeMachnumbers.Todeterminetheeffects
ofthesestreamvariationscmthemodelcharacteristics,boththe
pressuredistributionandtheforcecharacteristicsasobtainedwith
themodelhorizcmtalandverticalarecomparedInrefermce8.
Althoughchangesinangleofzeroliftandtrimwerenoted,theveri-
ationoftheloading,theliftandthepitchingmomentwithangleof
attackappeeredtobelittleaffectedbypositt~ofthemqdel.It
isevident,therefore,thatthestreamconditionsdonotappreciably

.
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affect Ap/q+ Since,inthe~esenttestitwasmoreconvenientto
pitchthemodelwhenmountedwiththewinginthehorizontalplane,
thispositionwasusedthroughouttheinvestigation.

Tunnel+mll interferenceatthelowMachmmibersisanother
factorwhichmayaffecttheprecision.Ofprimaryconcernisthe
factthatthebowwamoriginatingfromthe fuselagenosereflects
frcmthe tunnelwall andintersects the wingtip for MS 1.3. It
mightbe~cted thatthepressuresonthewingwouldbedirectly
affectedbythepessureriseacrossthisreflectedvave.Theeffect
ontheparameter@/qa is,however,subjectforargumentsinceit
inwlves,amongotherthings,thereflectiaofthewavefromthe
wingsurfaceat finiteanglesofattackandtheinteractionofthe
waveandthewingboundarylayer.Becauseofthesefactors,the
magnitudeofthetunnel+nsUinterferencewithrespectto 4/qu
cannotbecalculatedwithanydegreeofcertaintyatthep?esent
time.~ thepresentinvestigation,theauthorsbelievetheinter-
ferencewasrelativelyinslgntficantsinceaxminationoftheClmr&
wisedlstrlbuticmofwingpressuresreveal~no irregularitiesinthe
regiauwherethereflectedwaveintersectedthewing.

Theprecision, then, &nmeasuring4/~ is affected primsrily
by the purelymechanicalerrors in measuringendreducingthe data
to final form. Sincethe _imental techniquesemployedin this
inv’estigatlonparallel thoseusedin reference1, it is believedthat
the purelymechanicalerrors shouldbe approximatelyofthesame
qi~e~ -t fS,theerrorsinmeas=ingAp/q shouldbewithin
&lpercentanderrorsb measuringtheangleofattackshouldbe
withinM1.lo.

RESUIdBANDDISCUSSI~

-~t~ ~UCXI ofW 10til% perunitangleofattackare
comparedwiththeoryinfigures5 to 10, inclusive, foreachofthe
Machnmibersinvestigated.Thepredictedloadimgforboththerigid
andelasticwingsisshownh thesefi~es.

ExsminaticmofthedatainfIgures5 to M reveals, asmightbe
~ected,thattheagreementbetweenpredict-aandmeasuredloading

s~ thisdiscussionthe~edictedloadingreferstothepredicted
loadingfortheelasticwing.Althoughtheeffectoftheelasticity
onthewingnearthetipandtrailingedgeIsnotshown,ithasbeen
assumedforthepurposeofdiscussionthatthepercentreductionof
theloadduetoelasticitywouldbethesam asthatoverthe
forwara portionofthewing.
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isdependentuponthepositiononthewingsurface,the angleof
attack,andtheMachnuniber.At aMachnuuiberof1.3(fig.6)anda
lowangleofattack(A = 1.640),theagreementisexcellentatthe
Inboardstation.Asthemint OfCCUIQEQ?iSOniS moved.outboardand
restrictedtotheregionaheadofthetrailing-edgeMachline,the
measuredvalues’of Ap/qa&md toincreaseslightlyrelativetothe
theoreticalvalues.Overthissameregion,increasesinangleof
attackelsotendtoincreasethee~erimentalvalues..Thesesame
trendscanbeobservedinthedatafortheotherMachnumbersinvesti-
gated.AstheMachnuniberisincreased,however,themeasuredvalues
of Ap/qaarereducedrelativetopredictedvaluesso that, in
general,theoryand-iment arein better agreementat the higher
Machnmbers.

.-

Accordirtgtotheinviscidtheory,the effects of the wingtrai&
ing edgecannotbe felt shad of the trailing+e Machline, end,
therefore, the final. preesurerecoverycannotbeginaheadof this line.
Itwill be noted,however,that at the 3> and57~ercent-eamispen
stations for mostMachnwibersandanglesofattackthemeasuredvalues
of Ap/qaindicatethatthefinalpressurerecoverybeginsaheadof
thetrailing+dgeMachlineandislessrapidthanpredicted.This
effectwasnotedinreference1 andis.appemntlyduetothefactthat
pressuresignalsfromthetrailingedgearetransmittedfcmwera-ahead
ofthetrailing+dgeMachlinethroughthesubsonicboundarylayer.

s

Itisimport=ttonotethattheresultsofthepresenttestsshow , .
muchbetter~eementwiththeoryintheregiminfluencedbythesub-
sonictrailingedgethantheresultsofreference1. ItIsevident
thatthefailureofthetheorytopredicttheangl~f+ttackloading
behindthetrailing-edgeMachlinefcrthemodelofreference1 isdue
primarilytoviscosityeffectsresultingfromtheexcessivelylarge
trail~e engleofthebiconvexsection.used.Thepresenttests
indicatethatviscosityeffectsarestillevidentfortheregionof
theairfoilinfluencedby the subsonictrailingedge,butinviscid
theorypredictsthe loadingwithreasonableaccuracyfor mostpurposes.

Forthe presenttests, the agreementbetweentheoryandqer-
mentsems to bebetternearthetipthanforreference1 whichagain
isprobablyduetothefactthatthemeasuredloadingsforthemodel
ofreference1 areinfluencedtoa greaterextentbyVISCOSItyeffects.

CONCLUDINGREMARKB

Theresults ofthisinvestigationshowthatovertheporticmsof
thewingnotaffectedbythewingtrailingedgeandtip the agreement

.

.
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betweentheoryandeqerlmentIs @neral.lygood,the best agreemnt
existing nearzero ltit. Theseresults are essentially the sameas
thosereportedin E4tXRMA@22.

Overtheregionslnfluenoedby the vlng tip andtrailing edge,
the sffeots of visooslty apparentlyare responsiblefor the poorer
agrementbetweentheoryandexperiment.It shouldbe notid, however,
that the results of this investigationshowmuohbetter agreemmt
betweentheoryandexperimentoverthis regionthantheresultsof
HE@ RMA8E’22whichindioatesthataintollseotlonmaysi@floantly
influenoethisagrmment.
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(a)Frontview.

(b) Rearvtew.

~igure1.-Modelmounted in theAmes& by &footsuperscmicwim%tmnel
testsectlcm.
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